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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
a t  Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

During the first year, the Center had only a Theory Group. In the second 
yeas, an Experimental Group was also established at  the Center. At present, 
there are three Fellows and seven Research Associates in these two groups. 
During the third year, we started a new Tenure Track Strong Interaction 
Theory RHIC Physics Fellow Program, with six positions in the first academic 
year, 1999-2000. This program had increased to include ten theorists and one 
experimentalist in academic year, 2001-2002. With five fellows having already 
graduated, the program presently has ten theorists and two experimentalists. 
Five of the ten RHIC Physics Fellows have been awarded/offered tenured 
positions, and this will be their final year in the program. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was 
implemented at RBRC, presently comprising six RSP Researchers, and six RSP 
Research Associates. In  addition, RBRC has four RIKEN Jr. Research 
Associates and one RBRC Young Researcher. A number of Visiting Scientists 
also contribute to the physics program at the Center. 

RBRC also has an active workshop program on strong interaction physics 
with each workshop focused on a specific physics problem. Each workshop 
speaker is encouraged to select a few of the most important transparencies from 
his or her presentation, accompanied by a page of explanation. This material is 
collected at the end of the workshop by the organizer to form proceedings, 
which can therefore be available within a short time. To date there are fifty-five 
proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCID, begun at the Center on February 19,1998, was completed on August 28, 
1998. A 10 teraflops QCDOC computer in under development and expected to 
be completed in JFY 2004. 

N. P. Samios, Director 
November 2003 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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RBRC Scientific Review Committee Meeting 

November 20-21,2003 
Brookhaven National Laboratory, Upton, NY 11973 

The sixth evaluation of the RIKEN BNL Research Center (RBRC) took place 
on November 20-2 1, 2003, at Brookhaven National Laboratory. The present 
members of the Scientific Review Committee are Dr. Jean-Paul Blaizot, Professor 
Makoto Kobayashi, Dr. Akira Masaike, Professor Charles Young Prescott (absent), 
Professor Stephen Sharpe, and Professor Jack Sandweiss, Committee Chair. In order 
to illustrate the breadth and scope of the program, each member of the Center made a 
presentation on his research efforts. In addition, a special presentation was given 
jointly by our collaborators, Professors Norman Christ and Robert Mawhinney of 
Columbia University, on the progress and status of the IRBRC QCDSP/QCDOC 
Supercomputer program. A demonstration of a 64-node (64 Gflops peak speed) 
QCDOC machine in action followed. Although the main purpose of this review is a 
report to RIKEN Management (Dr. Ryoji Noyori, RIKEN President) on the health, 
scientific value, management and fbture prospects of the Center, the RBRC 
management felt that a compendium of the scientific presentations are of suficient 
quality and interest that they warrant a wider distribution. Therefore we have made 
this compilation and present it to the community for its information and 
enlightenment. 

Thanks to Brookhaven National Laboratory and to the U. S .  Department of 
Energy for providing the facilities to hold this meeting. 

N. P. Samios & T. D. Lee 

1 



RIKEN BNL Research Center 
Building 51 OA, Brookhaven National Laboratory, Upton, NY 11 973 USA 

11/12/03 
RBRC Scientific Review Committee (SRC) Meeting 

Brookhaven National Laboratory, Upton, NY 
Physics Department, Building 510, Open Sessions - Large Seminar Room 

November 20-21,2003 
Draft Agenda 

Committee Members: Jean-Paul Blaizot, Makoto Kobayashi, Akira Masaike, Charles Prescott (Absent), 
Stephen Sharpe, and Jack Sandweiss, Chair 

Thursdav, November 20,2003 
800 AM Bo 9:00 AM Oven Executive Session i3 Working Breakfast - (Room 2-160) 

(eresentations by RBRC Administrat&) 
Large - Seminar Room 
9:OO AM to 1015 AM EXPERIMENTAL PRESENTATIONS -GERRY BUNCE, CHAIR 

9:OO CCJ-The Computer Center in Japan Yasushi Watanabe 

9:15 Polarimetry (AGS, RHIC, Jet) Osamu Jinnouchi 

9:30 Forward Neutron Asymmetry and Longitudinal Polarization Abhay Deshpande 
at PHENIX 

9:45 Central Arm Triggering for 2003 for P H E m  Kensuke Okada 

1O:OO Relative Luminosity for ALL Measurements Kiyoshi Tanida 

10:15 AM Break 

10~45 AM €0 1215 PM EXPERIMENTAL PRESENTATIONS-HIDETO EN'YO, CHAIR 

10:45 ALLFor Eo Alexander Bazilevsky 

11:OO Belle Fragmentation Functions Matthias Grosse Perdekamp 

11:15 J/Psi for pp and d-gold Collisions Douglas Fields 

11:30 n;" Azimuthal Anisotropy in kNN = 200 GeV Au + Au Collisions Masashi Kaneta 

11:45 Electrons and Direct Photons Yasuyuk Akiba 

12:OO Vertex Detector for P H E W  Yuji Goto 

12:15 to k30 PM SRC Executive Session (Committee Members) - Working Lunch (Room 2-160) 
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Fridav, November 21,2003 
8:OO AM to 8:30 AM SRC Executive Session (Committee Members) and Continental Breakfast 

(Room 2-160) 

Large Seminar Room 
8:30 AM to 9:30 AM QCDSP/QCDOC: Physics Results and Prospects/Project Status 

Demonstration of QCDOC 

Norman H. Christ and Robert Mawhinney 

9:30 AM to 1O:OO AM 

1O:OO AM to 12:30 PM Meetings with Individual RBRC Staff 
Theorists (Room 2-160) 
Experimentalists (Room 2-78) 

(Possible Tours) 

12:30 PM to 1:30 PM SRC Executive Session (Committee Members) and Working Lunch - 
(Room 2-260) 

1:30 PM to 3:OO PM Meetings with Individual RBRC Staff (Continued) 
Theorists (Room 2-160) 
Experimentalists (Room 2-78) 

3:OO PM to 400 PM 

400 PM to 5:OO PM 

5:OO PM 

SRC Executive Session (Committee Members) - (Room 2-260) 

Meeting with RBRC Administration - (Room 2-160) 

Adjourn 
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RBRC Scientific Review Committee Membership 2003 
Dr. Jean-Paul Blaizot 
Service De Physique Theorique 
C.E.A. Saclay 
Orme Des Merisiers 
F-91191 GIF-SUR-YVETTE, CEDEX, France 
TEL. 33 1 69 08 81 19 
FAX 33 169 08 81 20 
E-mail: blaizot(ii%spht.saclav.cea.fr 

Professor Makoto Kobayashi 
Director of Particle and Nuclear Physics Laboratory of KEK 
High Energy Accelerator Research Organization (KEK) 
Oho 1-1, Tsukuba-shi 
Ibaraki-ken, 305-0801, Japan 
TEL: 81 298 64 5323 
FAX: 81 298 64 2580 
E-mail kobayath@post.kek.jp 

Dr. Akira Masaike 
Dean, Faculty of Informatics 
Nara Sangyo University 
Mailing Address: 
3-8-5, Hieidaira 
Otsu-shi, Shiga-ken, 520-0016, Japan 
TEL/FAx: 81 77 529 2481 
E-mail: masaike@mvb.biglobe.ne.jp 

Professor Charles Young Prescott 
Stanford Linear Accelerator Center, MS 43 
P.O. Box 20450 
Stanford, CA 94309 
TEL: 650-926-2856 
FAX: 650-926-3826 
E-mail: prescott@slac.stanford.edu 

Professor Stephen R. Sharpe 
Physics Department, Box 351560 
B406 Physics-Astronomy Building 
University of Washington 
Seattle, WA 98195-1560 

F m .  206 685 0635 
E-mail: sharpe@phys.washington.edu 

Professor Jack Sandweiss 
Yale University 
Physics Department 
P.O. Box 208121 
New Haven, CT 06520-8 12 1 

TEL: 206-685-2395 

(RBRC SRC Chair) 

TEL: 203-432-3358 
FAX: 203-432-6125 
E-mail: sandweiss@,hepmail.phwics.yale.edu - -  7 



RBRC ADMINISTRATION 
PRESENTATIONS 
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RLKEN BNL Research Center (RBRC) 

Nicholas P. Samios 



RBRC 

1997 - 2003 
Director: T. D. lee 
Three Components: Theory, Experiment, Computing 

In existence for 6 years 

High Energy Density Nuclear Matter (RHIC) 
Spin Component of Proton 
L a k e  QCD 
Great Year (if not spectacular) 
Previous Au x Au, p x p running 
d x Au Run. Technical feat - asymmetric operation 
Exciting results: 

RHIC 
W c 

Multiplicities New Phenomena 
Radial & Elliptic Flow 
HBT size measurements 
RAA = Factor of 5 decrease 
Jets Color glass condensate 
High y, small x effects 

Hot, dense nuclear 
matter 

Next run: Au x Au 
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RBRC 
Director Emeritus: T. De lee 
Director: Ne P. Samios 
Associate Director: #. En’yo 

Theory Group Leader (Designee): L. McLerran 
Deputy Group Leader: A. Baltz 

Experimental Group leader: H. En’yo 
Deputy Group Leader: G. Bunce 

Theory Advisory Committee: 
T. De Lee 
Le Mclerran 
A. Baltz 
M. Creutz 
Me Gyulassy 
R. Pisarski (T. L. Trueman) 

Experimental Advisory Committee: 
A. Masaike 
J. Sandweiss 
S. Nagamiya 

Workshops : a 
Publications: 95 Theory/33 Experiment 
Seminars: 6/week 
Other Articlea. 2/8 

21 
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Volume 53 Theory Studies for Polarized pp Scattering (BNL- )* 
August - September 2003 
Organizers: S. Kretzer and W. Vogelsang 

Volume 54 RHIC Spin Collaboration Meetings XVII, XVIII, XIX (BNL- ) 
June 20,2003, June 30,2003, and August 18,2003 
Organizer: Brendan Fox 

Volume 55 Collective Flow and QGP Properties (In preparation) 
November 17-19,2003 
Organizers: Nu Xu, E. Shuryak, P. Kolb, U. Heinz, S. Esumi, and S. Bass 

*In press 



November 2002 to November 2003 

RBRC-294 Konstantinos Orginos, (For the RBC Collaboration: 
Y. Aoki, T. Blum, N. Christ, M. Creutz, C. Dawson, 
T. Izubuchi, L. Levkova, X. Liao, G. Liu, R. Mawhinney, 
Y. Nemoto, J. Noaki, S. Ohta, K. Orginos, S. Prelovsek, 
S. Sasaki, and A. Soni, ”Spin on the Lattice,” to appear 
in the Proc. of the International Spin Physics 
Symposium, SPIN 2002, Upton, NY, USA, 
September 9-14,2002. 

.......... 
RBRC-388 M. Hasenbusch, K. Jansen, D. PPeiter, H. Stuben, 

P. Wegner, T. Wettig, and H. Wittig, “Benchmarking 
Computer Platf orms for Lattice QCD Applications,” 
[hep-lat/0309149], to appear in Nucl. Phys. B 
(Proc. Suppl.) 



PROSPECTS OF THE GLUON POLARIZATION MEASUREMENT AT PHENIX, Y. 
Goto for the PHENIX Collaboration, SPIN 2002, AIP Conf. Proc. 675 (2003) 
493-503. 

FIRST POLARIZED PROTON COLLISIONS AT PHENIX, Y. Goto for the PHENIX 
Collaboration, DIS 2002, Acta Phys. Polon. B33 (2002) 3767-3771. 

THE QUEST FOR NUCLEON SPIN, VERNON W. HUGHES; THE LAST DECADE: 
1993-2003, A. Deshpande, Proceedings of “Symmetries and Spin 2003”, Prague, to be 
published by World Scientific. 

eRHIC: THE ELECTRON ION COLLIDER AT BNL, A. Deshpande, European Journal 
of Physics A, to be published in the Proceedings of International Meeting on Perspectives 
on Hadronic Physics, ICTP, Trieste, Italy, May 2003. 

SPIN PHYSICS AT RHIC: PRESENT & FUTURE, A. Deshpande, to be published in 
PRAMANA Journal of Physics, Indian Academy of Sciences, Proceedings of QCD2002 
Conference, IIT Kanpur, October 2002. 

COMMISSIONING OF RHIC POLARIMETERS, A. Bravar, et al., BNL-Report-68976 

TESTING OF QCD THROUGH SPIN OBSERVABLES IN NUCLEAR TARGETS, 
Workshop Summary of Experimental Talks, A. Deshpande, University of Virginia, April 
20,2003, World Scientific, Editors: D. Crabb, D. Day, J. Chen 

MULTISTRANGE BARYON PRODUCTION IN AU-AU COLLISIONS AT 
S(NN)**1/2=130 GEV, Submitted to Phys. Rev. Lett, e-Print Archive: nucl-ed0307024. 

PHENIX DETECTOR OVERVIEW, PHENIX Collaboration (K. Adcox et al.), 
Nucl. Instrum. Meth. A499 (2003) 469-479. 

PHENIX Magnet System, PHENJX Collaboration (S. H. Aronson et al.), Nucl. Instrum. 
Meth. A499 (2003) 480-488. 

PHENIX Central Arm Particle ID Detectors, PHENIX Collaboration (M. Aizawa et al.), 
Nucl. Instrum. Meth. A499 (2003) 508-520. 

PHENIX CALORIMETER, PHENIX Collaboration (L. Aphecetche et al.), Nucl. 
Instrum. Meth. A499 (2003) 521-536. 

PHENIX Muon Arms, PHENIX Collaboration (H. Akikawa et al.), Nucl. Instrum. Meth. 
A499 (2003) 537-548. 

PHENIX Inner Detectors, PHENIX Collaboration (M. Allen et al.), Nucl. Instrum. Meth. 
A499 (2003) 549-559. 

Experimental Publications 27 November 2002-November 2003 



Spin Physics 
(Theory & Exp) 

Nuclear Physics 

High Energy-FUKEN Theory 

QCD and RHIC Physics 
(Theory & Exp) 

High Energy Theory 
Lunch Talks 

Nuclear Physics-FUKEN Theory 

Weekly Seminars 

Tuesdays 
(1O:OO a.m.) 

Tuesdays 
(1 1 :00 a.m.) 

Wednesdays 
( 1:30 p.m.) 

Thursdays 
(12:30 p.m.) 

Fridays 
(12:OO Noon) 

Fridays 
( 2:OO p.m.) 

Organized by Y. Goto 
W. Vogelsang 
A. Deshpande 

Organized jointly by 
W. Vogelsang 
P. Petreczky 

with BNL Staff 

Organized jointly by 
S. Ohtawith 

BNL Theorists 

Organized by 
W. Vogelsang 

Organized by S. Dawson 

Organized jointly by 
S. Kretzer, C. Dawson 
with BNL Staff 

29 



The Outstanding Junior Investigator 
Award in Nuclear Theory was 

established by DOE in 2000. Since 
Then, five RBRC members have 

received the 0 JI Awards: 

Son, I). T. (2000) 
Stephanov, M. (2001) 
van Kolck, U. (2001) 
Schaefer, T. (2002) 
Bass, S. (2003) 

31 



RHIC Physics Fellow RBRC Dates Position 
Present Program 
van Kolck, Ubiraiara 08/2000 - RHIC Physics Fellow; 

New Position 

Tenured 

Vogelsang, Werner 
08/2003 (Tenure) 
4/1/2000 to 9/30/2003 RIKEN BNL Fellow I 

U. of ArizondAsst. Prof. I Associate Professor 
- - 

Wettig, Tilo 

Present Institution 

RBRC/U. of Arizona 

10/1/2003 - RHIC Physics Fellow 

10/1999 - RHIC Physics Fellow, Associate Professor 
BNL/Associate Physicist 

Yale/Asst. Prof. (2003) 

RBRCBNL 

Y 

Grosse Perdekamp, 
Matthias 

RBRC/Yale 

U. of New Mexico/Asst. 
Professor 

01,4999 to 8/31/02 RIKEN BNL Fellow 
09/01/2002 - RHIC Physics Fellow, 

U. of Illinois, Urbana 
ChamnaindAsst. Prof. 

RBRCKJ. of New 
Mexico 

RBRC/U. of Illinois 
Urbana Champaign 

W 
W 



w cn 

Dates at RBRC RBRC Position 
[04/1995 to 03/1996] [FUKEN Special 

Name 
Saito, Naohito 

New Position Title 
Associate Professor 

Sasaki, Shoichi 
Schaffher-Bielich, 
Jiirgen 
Son, Dam Thanh 

04/1996 to 03/2001 
04/2001 to 03/2002 
03/2002 - present 
09/1998 to 09/2000 
09/1998 to 10/2001 

Venugopalan, Rajagopal 

Postdoc. Fellow] 
RTKENflRBRC Res. 
FUKEN Spin Prog. Res 
RSP Visiting Scientist. 
Research Associate Assistant Professor 
Research Associate Research Associate 

Vogelsang, Werner 

10/1999 to 03/2002 

Wingate, Matthew 

RHIC Physics Fellow, Associate Professor, 

Yasui, Yoshiaki 

10/1/2000 to 6/30/2003 
Columbia U. Tenured 
RHIC Physics Fellow, Physicist with Tenure 

4/1/2000 to 9/30/2003 
BNL 6/1/02 
RIKEN BNL Fellow RHIC Physics 

09/1997 to 09/2000 

09/1997 to 09/2000 

Research Associate Assistant Professor 

Research Associate Postdoc 
Postdoctoral Fellow 

10/01/2003 Fellow/Associate 
Phvsicist 

U. of Tokyo, Japan 
Columbia University 
University of Frankfurt 
U. of Wash, Seattle, 
Natl. Inst. for Nucl. Th 
BNL 

Ohio State U., I 
Columbus -1 



N. P. Samios, RBRC Director 
T. D. Lee, RBRC Director Emeritus 

Hideto En’yo, RBRC Associate Director * * * *  

Research Associates 

RBRC Research Scientists (2002 - 2003) 
Experimental Group 

Hideto En’yo, Group Leader 
Gerry Bunce, Deputy Group Leader 

Advisorv Committee 
Jinnouchi, 0. 
Kaneta, M. 
Okada, K. 
Fellows 
Bazilevsky, A. (4/1/03)* 

Deshpande, A. 
Fox, B. (10/15/03)* 

Messer, F. (4/1/03)* 

Tenure Track/RHIC Fellow 
Fields, D. (UNM) 

. Grosse-Perdekamp, M. (UIUC) 

RIKEN Spin Program 
(RSP) Researchers 
Akiba, Y. 
Goto, Y. 
Ichihara, T. 
Taketani, A. 
Tamida, K. 
W atanabe, Y. 
RIKEN Spin Program 
(RSP) Research Associates 
Kobayashi, H. (9/30/03)* 

Yokkaichi, S. 
Tabaru, T. 
Torii, H. 
RIKEN Spin Prograd 
Visiting Scientists 
Kurita, K. 
Lange, J. S. 
Li, Zheng 
Ogawa, A. 
Saito, N. 

Experiment 
Masaike, A. 
Nagamiya, S. 
Sandweiss, J. 

Consultants 
Jaffe, IR. 
Roser, T. 
Makdisi, Y. 
Tannenbaum, M. 

RBRC Young 
Researchers 
Siegle, V. ( ~ 3 ~ 0 3 )  

RIKEN Tr. Res. Assoc. 
Fukao, Y. 
Hachiya, T. 
Horaguchi, T. 
Visiting Res. Assoc. 
Kiyomichi, A. 
Sato, H. 
Tojo, J. 
RIKEN Researchers 
Okamura, A. 
RIKEN Young Res. 
Kamihara, N. 
Okada, H. 
Togawa, M. 

Technical Collaborator 
Hiejima, H. (UIUC) 
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RBRC Theory Group 

Larry McLerran 

39 



Theoretical Physics at 
RIKEN-BNL Center 

Strong Interactions and QCD 

How are strongly interacting particles 
made from fundamental constituents? 

How do the fundamental interactions of 
QCD produce quark confinement and 

mass? 

What is the behaviour of strongly 
interacting matter in bulk? 

Nuclear Matter -+ Quark Gluon Plasma 

What is the physics beyond the standard 
m-odel? 

Tests of CKM matrix. 

All issues intertwined! 
Require understanding and computation 

41 



Current Inter~sts in 
NL Center 

Color Glass Con. 
and 

Quark Gluon ~ 1 ~ s ~ ~  

~ t ~ u c t ~ r e  of Had~ons 

43 



Matter at High Density 

Energy densities high 
~ ~ ~ t ~ r  strongly interacts 

High Density --P 

Short Dstances 

45 



RIKEN-BNL Physics Fellows 
Graduates 

D. Bodeker Tenured C-4 Bielefeld 
D. Kharzeev Tenured BNL 
D. Rischke Tenured C-4 Frankfurt 
D. Son Tenured U of Washington 
R. Venugopalan Tenured BNL 
T. Wettig Tenured C-3 Regensburg 

Current Felisws 

S. Bass Duke 
T. Izubuchi Kanazawa 
S. Jeon McGill 
A. Kusenko UCLA (Tenure in process.) 
T. Schaefer N. Carolina (Tenure in process) 
M. Stephanov U of Ill. Chicago (Tenure in pro- 
cess) 
U. van Kolck U of Arizona (Tenure in process) 
T. BIum U of  Connecticut 
W. Vogelang BNL 
P. Petreczky BNL 
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Overview RBRC Experimental Group 

Hideto En’yo 

49 
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Special Thanks to 
A d ~ i n i s t r a ~ i ~ e  Staffs 

in BNL and W a ~ o  

Es~ecia~ly to ~ . ~ ~ k o t a  

I 



EXPERIMENTAL PRESENTATIONS 
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CCJ-The Computer Center in Japan 

Yasushi Watanabe 

63 
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Plan and Current Status of RIKEN CCJ 
19'38 1999 2000 2001 20oz 2003 2004 

8 I i I I 
I I 1 

Ahril ' ' Adril Abril ' April April ' Adril 1 

R'D 

Prototype ctf GPU farms 
cc-J CC-J frontend a t  BNL 

RBRC 
i( B M L)  
' c -  8 Data ~ u ~ ~ i ~ ~ t ~ ~ n  facility 

Phase 1 Phase 4 

co n s t rUG t io II 



Polarimetry (AGS, RHIC, Jet) 

Osamu Jinnouchi 

75 
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Forward Neutron Asymmetry and Longitudinal 
Polarization at PHENIX 

Abhay Deshpande 
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Central Arm Triggering for 2003 for PHENIX 

Kensuke Okada 



PHENIX Central Arm 
Trigger in RUN3 

Kensuke Okada 
IZBRC review 

2003 





Run2 Run3 (The second year of ERT) 

Live area : 
EMCal fkom 75% to 90-950/0 

We improved it with 2 steps 
A) Replacement of bad FEM boards (Nov, Dec 2002) 
B) Mask bad tiles instead of whole SM. (Apr 2003) 

RICH fkom 15% to 70% 
(In pair analysis for J/y, the efficiency is 90%.) 

4x4 overlapping between super modules 
4x4 turn-on width improvement 
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Relative Luminosity for ALL Measurements 

Kiyoshi Tanida 



Relative luminosity for A L L  

measurements - in PHENIX run3 

K. Tanida (RIKEN/RBRC) 
11/20/03 RBRC review 

Outline 
e 

e 

e 

e 

e 

What is relative luminosity? Why? 
How to get relative luminosity? 
Method of accuracy estimation 
Results and ZDC/BBC AA,, 
Summary and outlook 



Our goal in PHENIX run3 

(c.f. expected A,, for pions) 
0 Beam polarization - 27% 

0 Relative luminosity accuracy: 
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Actual accuracy estimation 
-- Bunch fitting 

Crossing-by-crossing analysis, taking care of possible 
A,. effect 

corrected for vertex width 
Fit r(i) by 

r( i) = C [ 1 +ALLPB( i)Py( i)] 
fit parameter: C, A,, 
You will get C, ALL, their errors, and x2 
= accuracy is obtained as 8ALL(x P,P,) 
- x2 gives a good check for systematic errors. 
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P 
h, 
\o 

0 

Result & BBCIZDC A, 
Systematic error seen + x2 correction required 
If X2/dof is larger than 1, then enlarge statistical error 
by sqrt(X2/dof) - conservative correction 
Averaged result: A L L  = (2.3 +- 1.6) x 
This corresponds to relative luminosity acc 

3. Achieved the goal 
6~ = 2.5 x 10-4 

Iraq 

+ we can use both for reference of A L L  = 0 
ZDC-BBC ALL is 0 consistent 

of 



Summary and outlook 
Relative luminosity was calculated by using BBCLL1 
trigger counts and were checked using ZDCLL1 trigger. 
Accuracy: 2.5 x achieved (6A,L-  - 1.6 x 10-3) 
after vertex width correction. 
- error is dominated by ZDC statistics 

Outlook: 
- full accuracy estimation using real vertex distribution 
- different relative lumimosity necessary for different 

reaction channels (acceptance correction). 
- study of multiple collision effect for future 

high-luminosity runs 



A L L  for no 

Alexander Bazilevsky 
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RBKC Scientific Review Comrriittcc Mecting 
BNI,, November 20,2003 

--v 
PH ENIX 

same hclicity 
+- opposite helicity 

(PI Polarization 
(L,) Relative L u ~ i ~ ~ ~ i ~  
(N) Number of piOs 

- wc- 
PH ENIX 

135 



nO Data 
3ce talk by K.Okada 

Trigger efficiency for pitk 

M leUVt 

13 7 



++ sanie Iielicity 
+- apprrsitc fielicfty 

139 
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Belle Fragmentation Functions 

Matthias Grosse Perdekarnp 
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J/Psi for pp and d-gold Collisions 

Douglas Fields 

159 
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Summary 
Both North and South Arms installed and 
performing well. 
Problems in previous runs with MuID trigger 
should be better this run with tunnel shielding 
and new LLl. 
Run3 analysis of J/Y approaching completion 
for both pp and d-Au runs. 

0 Challenge for Au-Au. 

w m 

0 More luminosity for pp - spin physics with 
muon arms! 

Nov. 21,2003 Douglas Fields UNM/RBRC 



ITo Azimuthal Anisotropy in y s N , =  200 GeV Au + Au 
Collisions 

Masashi Kaneta 

17 1 



KANETA, Masashi 

for the PHENIX Collaboration 

RIKEN- B NL Research Center 
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Electrons and Direct Photons 

Yasuyuki Akiba 

195 



Single electron production and direct 
photon production at RHIC 

Y. Akiba 



Au+Au +e : 

From single electron 
momentum distribution, charm 
production in Au+Au collision 
can be extracted. 
This method was used in RUN1 
of RHIC. 

% '-lo% = 380 rt 60 rfi 200pb 

= 420 f 33 f 250pb 0-92% 
OCS 

0 From charm production we can 
probe the earliest stage of 
A u + h  collision at RHIC 
- Gluone density 
- Energy loss of c-quark in 

dense matter 
- Reference to J/Y production 

motivation 

PHENIX PRL88 192303 

0.5 1 1.5 2 2.5 3 P ,(G eVlc) 



Centrality Dependence of Non-Photonic Electrons 

h 
*0-' 2 
2 I O J  F 
&IO" 

W 

.IO' 8 
d 

10 -8 

I O C  

"'0 0.5 1 1.5 2 25 3 3.5 

pr 1@wc 

PYTHIA calculation is scaled with num 
Well described for all centralities. 

loJ* 

pr C~eV/cl 
0 0.5 1 1.5 2 2.5 3 3.5 4 

Presented in JPS 



Direct photon in pp 

High Pt direct photon 
measurement in pp 
- TestofpQCD 
- Measurement of G(x) 
- Measurement of AG(x) 

photon are photons firom 
Backgrounds of direct 

N 
0 w 

light hadron decays 
- nO+yy 
- q+YY 

Expected S/B is small 
- y/no - a few % at pT=4 

GeVIc 

I Quark-Gluon Compton Scattering I 



Present status 
0 T. Horaguchi (Tokyo Inst. 

Tech, JRA2) is working on the 
analysis. 

presence of direct photon signal 
Analysis seems to indicate the 

that is consistent with pQCD - $ l o 3  -x- Q 

calculation. 
Other groups in PHENIX are 
also looking for direct photon 
signal in pp. 
Recently, pre-PPG has been 
formed. 
RUN3 pp data can be added to 
the analysis 
Present goal is to present 
“PHENIX preliminary” data of 
direct photon in QM2004 
conference in January. 

0 : all photon in fiducial 

x direct photon candidates 
(No other photon is found 
that forms PO and h.) 

A : Fake single photon fiomno 
V : Fake single photon form q 

-&--X- -0- 

-v- -x- -0- 
-A- 
-f- 4- 

0 2 4 6 8 10 12 14 
pT [GeVk] 

Plot shown in the fall JPS meeting 
by T. Horaguchi 



Vertex Detector for PHENIX 

Yuji Goto 
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Vertex Detector for PHENIX 

RBRC Review 
November 20,2003 

Yuji Goto 
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THEORY PRESENTATIONS 

22 1 



Matrix Models and Lattice Data for the QCD Dirac 
Operator with Chemical Potential 

Tilo Wet t ig 

223 



Matrix models and lattice data for the QCD Dirac 
operator with chemical potential 

Tilo Wettig (Yale and RBRC) 

work done with Gernpt Akemann (Saclay), hep-th/0308003 + PRL 
N 
N cn 

Out1 i ne: 

1. Motivation 

2. Matrix models and the domains of weak and strong non-hermiticity 

3. Comparison with lattice data 



Matrix models at  p > 0 

Stephanov (1996): matrix model for Dirac operator 

0 explains failure of quenched approximation a t  p > 0 

0 difficult to  compute eigenvalue correlations on the scale of the mean 
N 
N 
4 level spacing 

Akemann (2002): complex eigenvalue model (with 1 - T~ e p2) 

0 complex extension of the chiral Gaussian Unitary Ensemble 

0 spectral correlations computed for N f  = 0 and for N f  > 0 
“phase-q uenched” massless flavors 



0 lattice simulations with staggered Dirac operator (Wilson has complex 

0 need high statistics (20,000 configurations for each parameter set) 

eigenvalues even a t  p = 0, Neuberger and DW too expensive) 

0 p = 5.0 strong coupling (can be justified for this particular purpose) 

0 v = 0 because of zero-mode shift (Smit-Vink 1985) 

0 no free parameter: scale is set via mean level spacing 

dstrong - with e =  1.1429 

0 gauge fields generated in quenched approximation 
N f  --+ 0 limit is subtle a t  p > 0 

0 analytical results from N f  + 0 limit of "phase-quenched" theory 
-+ corresponds to  theory with quarks and conjugate quarks 
--+ should agree with quenched lattice data 

(f u t u re work) 
results computed a t  N f  > 0 should describe unquenched lattice data 
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Dynamical Domain Wall Fermions 

Christopher Dawson 

233 
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Deta  i Is 

o Dynamical simulations cost w 100 times more than a quenched simula- 
tions. 

W e  are using several improvements t o  the HMC algorithm 

1. Improved fermion force term 

2. Chronological inverter 

3. Multiple gauge-step leapfrog. 

that give a factor of - 3  speed-up. 

0 Total number of “trajectories” collected so far: 

- a m f  = 0.02 - 4716 trajectories (7 months on 200GF). 

- a m f  = 0.03 - 4785 trajectories 

- a m f  = 0.04 - 3445 trajectories 

and we take one “independent” configuration every 50 trajectories. ’ 

L 



Summary 

0 Modifications t o  the standard algorithms have provided approximately a 
factor of 2-3 in simulation speed. 

With the DBW2 action, dynamical DWF seem t o  be practical for lattice 
spacings around u-l R 2GeV. Although the chiral symmetry breaking is 
larger than for a quenched calculation a t  a similar scale. 

W N FuturelNow 
\D 

0 In the progress of gathering more statistics while calculating 

- Spectrum ( ql ) 

- Weak Matrix Elements ( BK,  €'/e ) 

- Structure Functions 
- .... 



Pion Electromagnetic Form-factor with Domain Wall 
Fermions in Lattice QCD 

Yukio Nemoto 

241 



N 
.P w 

r 
Pion electromagnetic form-factor with 
domain wall fermions in Lattice QCD 

Yukio Nemoto for RBC collaboration 

RIKEN-BNL Research Center 

, 
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Summary Outlook 
- 

rThe pion EM form-factor in DWF + DBW2 gauge action 

F,(Q2 = 0) = 1 is well satisfied. 

a small mf and linear dependence? 

Future: 

More statistics 

Higher momenta 
functional form of F, ( Q2), comparison with VMD, charge 
radius ... 
Another ~~y to measure t 
(on-g oi ng ) 
Related quantities 
transition form-factor of the vector meson 

3-psint function is needed. 

I 

- 
- F  



Application of DWF to Massive Quarks 

Norikazu Yarnada 

25 1 



On-shell improvement of Massive DWF 



Application of DWF to massive quarks RBRC Scientific Review Committee Meeting 

[ Heavy quark on the lattice) 

Obstacles to 5% determination 

0 (quenched approximation) 
0 finite volume effect 
0 chirai extrapolation, 
0 heavy quark on the lattice 

Heavy quarks could cause a large 
discretization error. 

N 
E e.g.) free quark propagator 

( a  : lattice spacing) 

smaller a - larger cost 

Presently arn,k0.3, am&1.2 
.v- 

O ( ( a v ~ ) ~ )  and O((a@)(am)".) errors > 5% 
must be removed! 

On-shell improvement 
Symanzik, Liischer, Weisz 

Improving the lattice action only on mass shell is 
enough for masses, WME, 0 .  

e.g.) free quark propagator 
--TOE + iy ipi  + m1 

-E2 + 5 2  + m2; sq(p)Ion-shell 

+0( (a f l2 ) .  

El-Khadra, Kronfeld, Mackenzie carried out this 
improvement to the Wilson heavy quark 

0 no O((am)n) and O((ajj+)(am)n) 
0 only u$ <1 is required. (possible) 

What happen if it is applied DWF? 

@ RlKEN BNL Research Center 



Application of DWF to massive quarks RBRC Scientific Review Committee Meeting 

We  found that the improvement is realized by replacing Dwilson(x, y) with 

and get the parameters proper values. 

1.8 
' M=O.i - ~ M4.1 - 0.5 ........... 0 5  ......... 

1 5  ............... 
1.9 -- 1 5  

1.14 - 
1.12 1.6 - 

pole mass 

- 
1 

........ 1.1 1.9 Wilsonlclover - ... 
Wilsonlclover .- -- 1.4 - 

4'~. ..................................................... ....... .-'- .-..--- ........... 
.... ..-. ..-.- .......... , 

1.2 

0.8 - 

0.6 - 

17r ~ ....... / : --. 

0.8 1.08 - 
1.06 - 
1.04 - 
1.02 - 

os 

1 
0.4 

> 
- 

...................... .............................................................. 
0.2 0.98 - 

0.96 - 
0 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

amr am, aml 

CE=V and cg=yS. 

@ RlKEN BNL Research Center 



Vector and Chiral Gauge Theories on the Lattice 

Takanori Sugihara 

259 



Vector and chiral gauge theories 
on the lattice 

RIKEN BNL Research Center 

Broo khaven National Laboratory 

Chiral anomaly 
Continuum theory 

try5 # 0 (Fujikawa’s method) 
Infinite degrees of freedom 

Lattice theory 
* try5 = 0 

Finite degrees of freedom 

Wilson terms reproduce chiral anomaly. 



This work 
= Derivative as a Fourier trans of momentum 
~1 Finite lattice 
= Antiperiodic boundary conditions 

e Modification of chiral transformation 
Lanczos factor (TS, PRD. 68, 034502) 

Main results 
Chiral anomaly on the finite lattice 

0 A single Weyl fermion on the lattice 

---- 

Doubler - free ul tr aloc a1 derivative  KEN 

Discrete Fourier transform with V n + N  = -Vn 

A 1  

I=- N/2+l 

Inverse transform 

where F, is the Lanczos factor. 



Vector gauge theory 
Modified chiral transformation 

G satisfies GW relation y5G + Gys = aGy5G. 
Correct chiral anomaly trT5 # 0 is reproduced. 

Chiral gauge theory 
Gauge transformation 

+; = (1 + ie:TaP+)$n 
4; = $ n ( l -  ieETaP-) 

Fermion measure is trivially invariant because 

A single Weyl fermion can exist on the lattice 
without violating gauge symmetry. 



Kaon Matrix Elements in Domain-Wall QCD with 
DBW2 Gauge Action 

Jun-Ichi Noaki 

267 



RIKEN Review, Nov. 20,2003 

Kaon Matrix.Elements in Domain-Wall QCD 

with DBW2 Gauge Action 

Jun .Noaki for RBC Collaboration 

WPKEN BNL Wesereh Center 
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N 
.cl 
W 

K -3 zz matrix elements from K -+ n: (Al = 1/2 rule & E'/€) 

- 
1 

d 

I ~ ~ ~ u b t ~ ~ ~ t ~ d  
C subtraction term t -0,ooq a 
I ~ ~ ~ u b t ~ ~ ~ t ~ d  
C subtraction term 

-0.001 5 
C subtracted 

0 0.01 0.02 0.03 0.04 
"€8 

subtraction term 

-0,0015 
subtracted 

0 0.01 0.02 0.03 0.04 
mfa 

~~ need sf few times larger statistics to finalize this work, 



The Hadronic Vacuum Polarization with 2+1 Flavors of 
Improved Kogut-Susskind Fermions 

Thomas Blum 

275 
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0 Hadronic vacuum polarization is an interesting quantity for lattice calculations 

0 Important for muon 9-2 (c.J BNL-E821, Standard Model, . . . ) 

0 Investigate the structure of QCD, perturbative vs. non-pert, . . . 

0 Important test for dynamical lattice calculations 

0 Encouraging lattice results for quenched and dynamical I3(q2), 8-2 
N 
CQ 

0 Need to understand lattice artifacts in Kogut-Susskind simulations 

0 Need to understand quark mass behavior (KS and DWF) 

0 Need better fit function and/or statistics 

0 Need dynamical DWF results (2+1 flavors: RBRC QCDOC) 

0 Bigger (and better) lattices for Kogut-Susskind becoming avai 
(MILC) (S ciDAC QCD 0 C ( ?) ) 

able 

T. Blum, RBRC Review, BNL, November, 20 2003 The Hadronic Vacuum Polarization in 2+1 flavor QCD. . . 



High Density Effective Field Theory 

Thomas Schaef er 

283 



High Density Effective Theory in QCD 

Thomas Schaefer 

North Carolina State University 

and Riken BNL Research Center 

QCD quarks, gluons 

HDET quasi-particles, holes, gluons I 

285 



Higher Order Terms 

0 power corrections: I / p  terms 

0 power counting trivial? amplitude N Z6 

S = 4 + IVi(dj - 4) 

graphs with higher order vertices suppressed 

0 problem: “hard” loops 

287 



Hard Loops: Gluon Self Energy 

0 gluon self energy: sum over patches 

0 HDL polarization function 

lmrd loops modify power counting 

leading order 
hard loop diagrams 

. .. 

289 



Superconductivity 

0 E N p exp( - l/g): BCS ladder diagrams JR divergent 

+ + 
V V 

+ 
V 

4 -+ 
- V  - V  

-+ 
- V  

introduce gap term 

0 gap equation: only two patches (v,-v) 

i 
V 

+ 
- V  

0 solution (can set All = Al'at this order) 

291 



. Summary: High Density Effective Theories 

0 Effective theories provide useful tools for systematic calcula- 
tions in the regime A < A < p. 

naive power counting modified by “hard loops” 

0 import ant quest ions: renormalization of four-fermion opera- 
tors, counting and resumming logs 

293 



Hadronizaton at RHIC: Interplay of Resornbination and 
Fragmentation 

Steffen Bass 

295 



Hadro~i~ation @ RHIC: ~ n t e ~ ~ ~ a ~  of 
F r a ~ ~ e n t ~ t i o ~  and R e c o m ~ i n a t i ~ ~  

ent 
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Interplay Between Soft and Hard Hadronic Components 
at RHIC 

Tetsufumi Hirano 
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Calculations of Spin Asymmetries in pp Scattering 

Werner Vogelsang 

321 



Calculations of spin asymmetries 

in pp scattering 

Werner Vogelsang 

(RBRC Scientific Review, Nov. 20/21 2003) 

Today's example : 

0 High-pT pion production 

with I S. Kretzer 1, Jager, Stratmann 

Other work : 

Soft-gluon resummation for heavy flavor production 

with IH.Yokoyal 

with Mukherjee,Stratmann 
Transverse-spin asymmetries a t  RHlC 

Higgs production a t  LHC 
with K u I esza , S t  er m a n 

i: c ,~ +iln theory group is growing ! From Nov.'03 : Y .  Kaike, T. Kucs 

323 



Polarized pp collisions a t  RHlC : 

e spin asymmetry 

e consider high-p?. reactions : 

2 

Ai?-(o) + ar,A&(l) + . . . pert. 
Jager,Schafer,Stratmann, WV 

e nucleon spin structure ~ I , f ( ~ . . b  

e fragmentation functions 0," - e+e- annihilation 

325 



A lower bound on ALL Jager, Kretzer,Stratmann,WV 

pTdAon 
dPl  

0 integrate LO cross section over all rapidities 1171 5 cosh-'(zT), 
and take mellin moments in x$ 4p; /S  : 

' 1  - 
- - 2ni d N  (x$)-" AoT(N)1 min 

min 

1 N-i pTdAon 
Ao"(N) dx$(x$)  

dPl 

0 obtain 

e in terms of moments of Ag : 

t t . t  
gg scatt. 49 QQ, 44'7 4G? - * 

e a parabola - with a minimum given by 

A N  A N+l -BN 9 

Mellin inverse : 

0 resulting asymmetry : negative, but tiny 

p l =  1.5 GeV : AtL = -lW4 m 
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Dark Matter and Pulsar Kicks from a Sterile Neutrino 

Alexander Kusenko 
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Alexander Kusenko (RIKEN/UCLA) 

piGXEZF1 
BNL, 2003 

- -  

2 

Alexander Kusenko ( W E N / U C L A )  BNL, 2003 

Pulsar kicks and dark matter from sterile neutrinos 

0 Pulsar kicks and .possible explanations 
0 Sterile neutrinos: the missing dark matter particle? 
0 Pulsar kicks from active to  sterile neutrino conversions 

1 
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Nuclear reactions in stars lead to a formation of a heavy iron core. When 
it reaches 
collapse. 
Energy released: 

M 1 , 4 M ~ ~ ,  the pressure can no longer support gravity. 

99% of this energy is emitted in neutrinos 

5 
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Thermal caoling: t -= f i )  -. i 5  s 

Most of the neutrinos emitted during the cooling stage. 

10 

-__ _,. ._".I_""III.-~III"X . " . ~  ... ..^I ~, ................ ",. . . . . . . . . . . .  . I, .... I- ..... ""11111 ... "I..-- x 

Shock formation and "neutronization burst": I = 1 - 1 l i  mti 

Protoneutron star formed. Neutrinos are trapped. The shock wave breaks 
up nuclei, and the initial neutrino come out (a few %). 



No 
Rescattering washes out  the asymmetry [t iietiltiri, Ati,Segre, Vilcnkiril. 

in approximate thermal ~ ~ u i l i b r i u m  t h e  asymmetries in scattering amplitudes 
do not lead to an anisotropic: emission. Only t he  outer regions, near 
neutrinospheres, contribute (a negligible amount).  
~~~~~~~; if a ~ ~ ~ ~ ~ ~ - i ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~  sterile nskrb wigs ~~~~~~~~~ irt 
these ~ r ~ ~ ~ ~ ~ ~ 5 "  the ~ ~ y ~ ~ ~ ~ ~ ~ r ~  waulcl, ~~~~~~~, resuit irr a ptrlsav 
kick! 

14 

No 

Neutrinos are trapped a t  high density. 

13 



"I 

. . ..i .... " ........ .-- ..... . 

A sterile neutrino in this range, consistent with dark matter, can also 
explain the observed velocities of pulsars theugh vc. - vS oscillations in a 
supernova. 

Sterile neutrinos are produced in primordial plasma through oscillations. 

The resulting density of relit sterile neutrinos: 

! . .--_ . . .. . - . ... - .  I"x_ .- I .  _- _" ..I ... ,-- .I-". .ill 

"._l -.,. -.,.. . I -  . ._ ..... ",~". I 
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The coupling of 1 ~ 2  to weak currents is also suppressed, and 0 pac sin2 8: 

The probability of v,. 4 I / ,  conversion in presence of matter is 

where A,,,, is the oscillatino length, and A, is the scattering length. 

22 
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(as it can easily be), then the resulting moment~m asymmetry is 

which is sufficient to explain the pulsar kick velocities. 

pulsar a kick. . .  
B 

25 



Matter potential: 

V(r),) = 

V(vJ  = 

0 

30 
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The mean energy of emitted sterile neutrinos is proportional to the 
temperature a t  the point of production. The point of resonant conversion 
depends on direction: 

t '&B:J)  -x f ' $ $  4- s) ( ' I P S  65. 
where cos 4 =r [$ 8)/k and 4 is determined by the equation: 

This yields 

34 

....... " . . -  ........................ I _,_ ,..~" . _r . ............... ................ . . .  ._  "I... ... - 

ut --.tltr~k.r hSl r l ~ . t .  t i i f . .m  r I f, z i t & $  2IW2.3 

The magnetic field shift5 the position of the resonance because of the 
term in the potential: 

Down going neutrinos 6ave higher energies 

J3 
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AbPrr': e- f 1tt k P V ) ~  

Adiabaticity: the oscillation length 

must be smatter than (1) the scale height of density (2) the mean free path 
of neutrinos. + 

17 
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.r Sterile neutrinas in the 1-20 keV range can explain the observed pulsar 

0 The same neutrino could be the dark matter 
kicks 

One may be able t o  confirm this mechanism through observations of 
gravity waves in the event of a nearby supernova. 



Charge Symmetry Breaking in Few-Nucleon Systems 

Ubirajara van Kolck 
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RBRC Review, Nov. 20-21, 2003 

Charge Symmetry Breaki ig  
in Few-Nucleon Systems 

Bira van Kolck 

University of Arizona 

RIKEN-BNL Research Center 
and 

0 What and why 

0 Chiral Symmetry 

0 .Summary 

Supported in part by the US DOE and by the Sloan Foundation 
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0 A eventually to be calculated in lattice QCD 

D extract m d  - mu 

0 B estimated in models, e.g. 

- 
S m N  = -(0.76 f 0.30) MeV 

S m N  = -Q N -1.5MeV 

Cottingham sum rule 

quark models 

Gasser + Leutwyler '82 

Miller, Nefkens + Slaus '90 RN - 

D test models 

0 BBN depends sensitively on Am,, e.g. 

electron capture 
p decay unstable under me : hydrogen 

--me : proton if A m N  

-+ BBN' produces essentially 4He + free neutrons 

(+ no water ...) 

D constrain variations of parameters with time 
Kolb, Perry + Walker '86 
... 
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np’+ d7.r’ 
Miller, Nishnen ’+ v.K., ’00 

\ 
\ 
\ 
\ 

\ 
\ 
\ 

\\i, + 

.cs 

- ‘7- d 

+ 
\ 
\ 
\ + 

+ ..: + 
\ 
\ 

... 

+ ... 

S waves 

P waves 

... + 

S,”l2 dS2 ( ~ ( 0 )  - a(7r - 0)) 
lCl2 dS2 ( ~ ( 0 )  + o(7r - 0)) 

Afb = 

at qT/mn = 0.17. 
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80 

40 

0 

-40 

- 
6mN=-2MeV 

- 
6mN =O 

Miller, Niskanen + v.K. '00 Opper et al. '03 
(TRIuMF) 

-28 - 
1 6mN =26mN 

Niskanen '99 

S m N  = 1.66 ZL 0.27 ZL ?th MeV 
F m N  = -0.36 ,ZL 0.27f?th MeV 
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Observation of the Charge Symmetry Breaking d + d - 4He + d' Reaction Near Threshold 

E. J. Stephenson,' A. D. Bacher,'.'C. E. Allgower,' A. Ggrdestig? C. M. Lavelle,' G. A. Miller,'% Nann,'g2 J. Olmsted,' 
P.R Pancella: M k Pickar: J. Rapaport? T Rinckel,' A. Smith: H M Spinka? and U. van Kolck*o*ll 

'Indiana University Cyclotron Facilia Bloomington. Indiana 47408, USA 
Department of Physics, Indiana Univerm, Bloomington, Indiana 47405# USA 

31ndiana University Nuclear Theory Cede< .Bloomington, Indiana 47408, USA 
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Physics Department, Nixtern Michigan University, Kalamazoo, Michigan 49008, USA 
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(Received 9 May 2003; published 2 October 2003) 

We report the h t  observation of the charge symmetry breaking d + d + 4He + f l  reaction near 
threshold Measurements using a magnetic channel (gated by two photons) of the 4He scattering angle 
and momentum (from time of flight) permitted reconstruction of the d "missing mass," the quantity 
used to separate 'He + d events from the continuum of double radiative capture 'He + y + y events 
We measured total cross sections for neutral pion prpduction of 127 2 22 pb at 228.5 MeVand 15.1 & 
3.1pb at 231.8 MeV. The uncertainty is dominated by statistical errors These cmss sections arise 
fundamentally fmm the down-up quark mass difference and quark electromagnetic effects that 
contribute in part through meson mixing (e&, d - q) mechanisms. 

2 

5 

DOI: 10.1103/PhysRevLett91.142302 

Charge symmetry is the symmetry of the quantum 
chromodynamic Lagrangian under the interchange of 
equal-mass up and down quarks [1,2]. This symmetry is 
broken by the different masses of the down and up quarks 
(md > mu) and by their electromagnetic interactions. The 
combination of these two mechanisms leads, for example, 
to the neutron being heavier than the proton. Within the 
framework of chiral effective field theory [3,4], additional 
experimental information on the relative contributions 
of these two mechanisms to charge symmetry breaking 
(CSB) must, in leading order, come from pion-nucleon 
scattering. Direct experimental evidence is restricted to 
elastic scattering and charge exchange' experiments with 
low-energy charged pions where the interpretation is 
complicated by corrections for the neutron-proton mass 
difference and electromagnetic interactions between the 
pions and nucleons [5,6]. Reactions in which a d' is 
emitted after being created by one nucleon and rescat- 
tered by a second are particularly clean. One example of 
such a CSB process is the measurement of a forward- 
backward asymmetry in the cross section for the n f 
p - d + d' reaction [7]. 

The d + d - 4He + @ reaction violates the conserva- 
tion of isospin because the pion has isospin one while both 
the deuteron and 4He have isospin zero. More specifically, 
it violates charge symmetry, which is a rotation by m/2 
about they axis in charge space that interchanges up and 
down quarks. (Isospin conservation is invariance under 
any rotation.) The n", whose wave function is odd under 

142302-1 0031 -9007/03 /91( 14)/142302(4)$20.00 

the interchange of down and up quarks, should not be 
produced from an initial state .with charge symmetry 
even (in this case self-conjugate). The amplitude for 
CSB is weaker than a similar charge symmetry conserv- 
ing amplitude by about 1/30, roughly the ratio of the 
quark mass difference to the nucleon mass. This suggests 
a d + d + 4He + d' total cross section, which depends 
only on a CSB amplitude, that is as small as tens of 
picobarns. 

Several searches for the d f d - 4He + 7I" reaction 
have produced only upper limits [8]. A positive report 
at a deuteron energy of 1.1 GeV [9] has been questioned 
because the experiment did not clearly distinguish the 
photons from d' decay from photons that could have been 
produced by the double radiative capture d + d - 4He + 
y + y process. This isospin-allowed process was calcu- 
lated to be of the same order as the reported cross section 
[lo]. A further search that could clearly distinguish be- 
tween these two reactions was therefore warranted 

We chose to look for the d + d - 4He + 7I" reaction 
just above its threshold at 225.5 MeV to avoid other pion 
producing channels and to take advantage of fhe clean 
experimental conditions afforded by the Indiana Uni- 
versity Cyclotron Facility's electron-cooled storage ring. 
A 6" bend located in one section of the ring provided a 
site where 4He nuclei, produced in a narrow forward cone 
just above threshold, could be separated from the circu- 
lating deuteron beam. By placing a gas jet target suffi- 
ciently upstream of the 6" magnet, it became possible to 

0 2003 The American Physical Society 142302-1 
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Mechanism 
short range 

T N N  coupling; OPE 
kmetic energy 

S r n ~ ,  6mN; TPE 
... 

“expt” 
(soft-EM subtracted) 

Estimates 
Niskanen ’02 

Fkiar, Payne, Coon +.v.K. ’03 

a p p  - ann (fm) 
0.7 

0.2 
< 0.3 

0 rt 0.8 . 

. .. 

1.5 & 0.5 

. . .  

87 
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QCD and Dimensional Deconstruction 
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QCD and Dimensional Deconstruction 
M. Stephanov 

U. of Illinois at Chicago and RIKEN-BNL 

Reference: D.T. Son, M.S., hep-pWO304182 

Introduction/Motivation 
QCD is largerly unsolved theory. 

Quarldgluon interactions are known and fixed by a principle of local gauge 
invariance. But.. . 

S Observable degrees of freedom are hadrons. What principles govern their 
interactions? Some can be derived from QCD, some not (e.g., VMD). . 

.# Idea of dual description. Large N,-(’t Hooft, Witten) - dual theory weakly 
coupled? 
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al, etc 
a 2 hidden local Symmetries: s, p, a1 (Bando, eta/) 

The diagram: 

3 More mesons (PDG): p(770), a1(1260), p(1450), a1(1640), p(1700), . . . 
Large N, - infinite tower of vectorhxial mesons. 

Motivation to consider theories of arbitrary number K of hidden local 
symmetries. 

H K = O :  r 

Open "moose" 

Similar to the closed "moose" theory (Arkani-Hamed, Cohen, Georgi). 
f k  and gk - parameters. 

Physical observables: 

k=l 

Meson masses: solutions of normal mode eqs ("springs" f k ,  "weights" l / g k )  

Evedodd b, alternate + p and al alternate. 
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4 + Id and dimensional deconstruction 
Ck M 1 $- iaA5(u), (5th link variable) 

1 
S = -Tr dud4x -f2(u)F& + r F i v ) .  I (  9 (4 

or 

Background metric: 

(f2g2 - warp factor), and dilaton field (varying gauge coupling) 

ds2 = -du2 + f2g271pvdx’dxU. 

AdSKFT connection 
In the continuum limit the procedure of calculating current-current correlators is 
the same as in AdS/CFT correspondence. 

”bulk” field A&, 2) 

-uo uo 

Introduce auxiliary vector fields A i  and A:. In the continuum limit E to setting b.c. 
on the 5d (bulk) field A, on 2 boundaries: 

A,(-uo) = A i  and A,(+uo) = A:. 

The classical action Scl is a functional of the b.c. Calculate the 2nd derivative of 
the action with respect to the boundary fields, e.g., 

Unlike AdS/CFT there are 2 boundaries. Moose can be folded, if needed. 
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Current correlator and matching to QCD 

For large Q2: 

1 
IIv(Q2) --.) -- ln(Q2), (Q2 >> A2). 

gz 

Matching with QCD: HV(Q2) --.) -- Nc ln(Q2), one finds: 
24+ 

g: 24r2 * 
1 Nc -=- 

which gives, for example, 

VMD in ‘Cosh’ background 
Pion e.m. formfactor is saturated by a single p pole: 

vanishes unless n = 1. 

More generally, contribution of higher resonances is supressed due to smaller 
overlap of oscillating bn(u) with pion “wave-function” l/f2(u). 
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Kinetic Equation for q4 
Theory with Generalized Kadanoff-Baym Ansatz 

Takashi Ikeda 
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Numerical results for p=O & Conclusions 

KB ansatt 
Generalized KF3 ansatz 

Weak ~ ~ ~ p l i ~ g  (g =0.1) : 
Results with KB and generalized KB ansatz 
are 

4 
! 

Strong ~ ~ ~ ~ l i ~ g  (g = 1.6) : 
__I KBansatz !~ 

Gsneratjzed KB ansatz 



QCDSP/QCDOC: Physics Results 
And Prospects/Project Status 

Norman Christ and Robert. Mawhinney 
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QCDOC Project 
and 

Physics Overview 

2003 RBRC REVIEW 

November 21, 2003 

Norman H. Christ 
Robert D. Mawhinney 
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QCDOC PROJECT 

0 Physics: QCD is a complete, fundamental 
theory. ’ For many important problems the 
only significant errors are numerical: 
Immediate scientific reward from increased 
computer capability. 

0 Architecture: Large gains possible from 
optimized design. 

- Space-time homogeneity supports easy 
. parallelization and a mesh ]network. 

- System-on-a-chip technology permits a 
highly scalable and cost-effective design: 
* Entire node (including interconnect logic) on a 

* The only extra components: 
single chip. 

Serial nearest-neighbor wires. 
Commercial Ethernet tree for booting, 
diagnostics and I/O. 

- Low power, compact design. 

0 Goal: 10 Teraflops QCDOC machine offers 
20x boost to RBRC physics. 
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DESIGN 

0 IBM-fabricated, single-chip node. 
[50 million transistors, 3-4 Watt, 1.3cmx 1.3cm die] 

0 PowerPC 32-bit processor 
- 1 Gflops, 64-bit IEEE FPU. 
- Memory management. 

- GNU and XLC compilers. 

0 4 Mbyte on-chip memory and up to 
2.0 Gbyte/node on DIMM card. 

0 6-dim communications network: 
- Efficient for small packet sizes, E 200ns latency. 
- Global sum/broadcast functionality. 
- Minimal processor overhead. 

- Lower dimensional machine partitions. 

e 100 Mbit/sec, Fast Ethernet 
- JTAG/Ethernet boot hardware. 
- Host-node OS communication. 
- Disk I/O. 

- RISCWatch debugger. 

e e 5 Watt, 10 in3 per node. 
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MACHINE OVERVIEW * 

QCDOC 
1 DISK I 

ETHERNET 

HOST 
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- Sixnufat ion: 
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 PERFORMANCE^ 
Operat ion 
Optimized assembly code 

1 Local Vol. I Mflops/node 

- - 
su3-su3 
SU3-2spinor 
DAXPY 
ZAXPY 
DAXPY-Norm 
Wilson De0 
Wilson De0 
Clover De0 
Clover De0 
Staggered De0 
Staggered De, 
Asqtad De0 

- 
- 
- 
- 
- 
24 

24 

24 

44 

44 

22.42 
44 - 

Comparison with compiled code : - 
CloverTerm/asm - 790 
CloverTerm/gcc, no debt - 150 
CloverTerm/xlc, no dc‘bt - 300 
Generic (MILC) C code with QMP : 
Staggered De, 24 171 

44 
44 

44 
24 

Staggered De0 

Asqtad Force 
Asqtad Force 

Asqt ad De0 

800 
780 
190 
450 
350 
470 
535 
560 
590 
370 
430 
440 

207 
157 
140 
200 

From gate-level simulation of ASIC at “nominal” 500MHz 
speed. Communication, cache flush overhead and 20 ns 
pin-pin wire delay included. 
t [Boyle, Jung, Wettig http://arXiv.org/abs/hep-lat/0306023] 
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OUTLOOK 

* 0 2.0 Tflops (sustained) development machines 
February 2003. 

0 Production machines July 2004: 

- 5  Tflops (sustained) RBRC. 

- 5 Tflops (sustained) UKQCD. 

- 10 Tflops (sustained) US/SciDAC ? 

0 Price/performance of $l/(sustained) Mflops 
for QCD. 

407 



7~ - 7~ Effective Mass - 82 x 16 x 32 
volume 

Q-Q G-parity 
~ f l  pion w/mom 

I I I I I I I 

5 10 15 20 

l l a  = 0.978(14)GeV, p =5.7 
8’ x 16 x 32 and x48, L,=10 

Wilson gauge action, domain wall fermions. 
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QCDSP/QCDOC: Physics Results and Prospects 

Robert D. Mawhinney 



QCDSP/QCDOC: Physics Results and Prospects 

Robert D. Mawhinney 
Columbia University 

RIKEN-BNL Research Center 

RBRC Review 
Brookhaven National Laboratory 

November 21, 2003 

1. Actions, statistics, errors and warnings in lattice QCD 

2. Features of domain wall fermions 

3. Summary of QCDSP physics calculations 

4. BK: an example of actions, statistics, errors and warnings 

5. 2+1 flavor dynamical domain wall fermion simulations with QCDOC 
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Results for Real A2 

0 Lattice determination from K' --+ .n+ 

0 Uses known chiral logarithm in quenched theory 

6mL ln(mL/h2) 1- 
(47Lf)2 

0 Fit gives coefficients of rnk terms 

.P 
N cn 

0.003 I I I I I I 1 I I I I I 

t 
- fit 0.0025 t m - .'. - quadratic term - - quenched chiral log term 
. -. conventional chiral log term 0.002 

,-.-.. 

0.01 0.02 0.03 0.04 0.05 



Major Physics Projects on QCDSP 

0 Both quenched and full QCD simulations with DBW2 action 

0 A wide variety of observables being measured. 



i 
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Dynamical DWF at finite T 

0 163 x 6 lattice with L, = 32 and rnf = 0.022 

e Large residual mass 

0 Pions still as light as other actions, except special Goldstone of staggered. 

0 See topology change in evolution 

.P w 
P 

0.10 I I I I I I 
A 0.08 
c3 0.06 - 3 0.04 - v 0.02 e 
0.00 
0.60 I I I I I I 

0.40 I I I I I I 

0.008 I I I I I I 

v 0.002 e 
5.5 5.6 5.7 5.8 

0 
5.4 

I3 
5.3 



Plaquette distributions for dynamical DWF+DBW2 

0 Fermion determinant changes running of coupling 

0 Makes gauge coupling at lattice scale stronger Stronger coupling gives more lattice 
dislocations 

.P 
W w 

le+05 

0 0.5 1 
Plaquette 

0.1 w 
-1 -0.5 
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Research Summary 

Taku Izubuchi 
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Taku Izubuchi 
Institute of Theoretical Physics, Kanazawa University, Ishikawa 920-1192, Japan 

RIKEN-BNL Research Center, Brookhaven National Laboratory, Upton, N Y  11973-5000, USA 

We report preliminary results from an ongoing calculation of BK for AJf = 2 dynamical QCD with 
domain wall fermions. Simulations have been done with three dynamical quark masses on 163 x 32 
volumes with L, = 12, where the lattice spacing is a-1 = 1.81(6) GeV. Using measurements on 
N 70 lattices for each dynamical mass and extrapolating mdyn = mMl to the kaon point, we find 
Bgs(p = 2GeV) = 0.503(20) and in the range of 0.50 to 0.55 from various way analysis. 
- 

I. INTRODUCTION 

After two years of collaborative efforts of the Riken-BNL-Columbia collaboration addressing for the full QCD 
calculation, we are starting to produce important results for phenomenology this year. Here I report our preliminary 
results relevant for Cabibbo-Kobuyashi-Muskaawa matrix. Other interesting results including quark masses[5] and other 
Kaon matrix elements[6] would be reported by other members of RBC collaboration. 

The uniqueness of our joint work is characterized by the use of the chirally improved fermion, domain wall fermions 
(DWF), as two flavor dynumica2 quarks on lattice. Using dynamical DWF we could investigate hadron physics on 
lattice under one of the most ideal conditions : 

1. reduced quenching errors, NF = 0 + NF = 2 

2. small scaling violation, O(u2), 

3. almost negligible unphysical (chirally disallowed) mixings between operators, 

4. precise renormalization factors owing to the non-perturbative renonnaIization. 

The kaon B parameter, BK, is an essential bridge between KO -KO mixing experiments and the CKM matrix. Using 
DWF, quenched calculations of BK have been done [l-31, where operator mixing and O(u) errors are small because 
of the good chiral properties of DWF. Including dynamical fermions is an obvious way to improve these calculations. 

Using an improved HMC algorithm for DWF [4,5], we have generated three ensembles of lattices of size 163 x 32 for 
N f  = 2 QCD with degenerate dynaknical masses of md, = 0.02,0.03,0.04. Our fermion action is the standard DWF 
action with L, = 12 and M5 = 1.8 and our gauge action is DBW2 with ,B = 0.80. Extrapolating the rho mass in mdyn 
to the chiral limit, we find a lattice spacing of a-l = 1.81(6) and a residual mass mres = 0.00136(5). We measure on 
lattices separated by 50 trajectories and have 78, 84, 57 lattices for mdyn = 0.02, 0.03 and 0.04, respectively[lO]. For 
more details see [5] and for results with AS = 1 matrix elements see [6]. 

11. CALCULATION OF BK 

BK is defined by 

where A, = FyP75d and OLL is the AS = 2 four-quark operator (Tid)v-~ (3d)V-A.  For a general value of the mass of 
the pseudoscalars entering (l), we will use the symbol Bps, reserving Bx for the case where the pseudoscalars have 
the kaon mass. 

We first evaluate this by the conventional method, where the ratio of a three-point Green's function and two 
pseudoscalar-axial-vector correlators is taken: 

(no sum on a). We use Coulomb gauge fixed wall sources at t o  = 4 and tl = 28 for valence masses, -1, equal to 0.01, 
0.02, 0.03, 0.04 and 0.05. Propagators are found with both periodic and anti-periodic temporal boundary conditions 
and averaged to double the temporal length as sketched in Figure 1. 
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FIG. 3: Bpi for different valence and dynamical masses. The filled symbols have m-1 = mdyn. 

partially quenched formula [7] 

fitting the three points with mvd = mdyn to determine bo and bl. We find bo = 0.267(12), b l  = 1.256(79) and 
BF = 0.541(9) (statistical error only), with a small X2/d.o.f. Note that we are using the known coefficient of the 
chiral logarithm, = 4.06 x (mf+rnres), f = 0.0786 and A x p ~  = 1 GeV. The statistical error in the lattice spacing 
gives an additional 2% systematic error in the value of B F ,  due to the uncertainty in the strange quark mass. 

While our data makes extrapolation to mf = n2,/2 quite robust, the value of bo is much less solid. A small value 
in the chiral l i t  has also been seen in the quenched calculations, but more control over the extrapolation is needed. 

We have also fit the dependence of BPS on -1 to (3) for each fixed mdyn, using the five values for w. The 
interpolated values for BF(m,l = %/2,md,,) are 0.537(11), 0.557(9) and 0.568(10) for mdyn = 0.02, 0.03 and 0.04 
respectively. We reduce the fitting range to exclude the heaviest two points and see the results stay same within error. 

An alternative method of extracting BK is to divide the three-point function in the numerator of (1) by a wall- 
wall pseudoscalar correlator [l]. This removes some zero mode effects in the quenched approximation, while giving 
larger statistical errors. However here we see no difference in the central values for results calculated using these two 
methods. 

111. RENORMALIZATION A N D  MIXING 

To get to B F  we need to renormalize B2t and control mixing with other dimension six, chirally disallowed 
operators. Using NPR [8] in the quenched theory we have seen that mixing coefficients with chirally disallowed 
operators are small. Preliminary NPR calculations on our N 40 dynamical DWF lattices also show that the mixing 
coefficients are small (less than a few percent). 
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CKM Unitarity Triangle from DynDWF 
PRELIMINARY 
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FIG. 4: Preliminary results of CKM unitarity triangle. The allowed region is shown from this work (NF = 2) and that of 
quenched calculations (NF = 0). 

quark masses. So the direct simulation at the light quark masses would be another interesting candidate for future 
projects on QCDOC. 

[l] T. Blum et. al. (2001), heplat/O110075. 
[2] A.AH Khan et. al. (2001) Phys. Rev. D64 114506. 
[3] J. Noaki (RBC), to appear in NPB (Proc. Suppl.). 
[4] T. Izubuchi (RBC) NPB (PS) 119 (2002) 813. 
[5] C. Dawson (RBC), to appear in NPB (Proc. Suppl.). 
[6] R. Mawhinney (RBC), to appear in NPB (Proc. Suppl.). 
[7] S. R. Sharpe, Phys. Rev. D46 (1992) 3146, M. F. L. Golterman and K.-C. Leung, Phys. Rev. D56 (1997) 2950. 
[8] C. Dawson, NPB (PS) 94 (2001) 613. 
191 S. Aoki et. al. Phys. Rev. D67 (2003) 094502. 

[lo] This includes some data generated afker the conference. 
[ll] The author thanks Dr. N. Yamada for providing the program to draw this figure. 

443 



Research Summary 

Sangyong Jeon 

445 



Energy Loss of Leading Partons in 

Sangyong Jeon 

McGi I I University 

Riken-BNL Research Center 

Work done with G. Moore (McGill) 
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Energy Loss Mechanism 

0 Medium induced gluon Bremsstrahlung 

Must take into account coherence effect 

* Original study by Landau, Psmeranchuck 

and Migdal (LPM) 

* QCD applications by Xin-Nian Wang and 

Miklos Gyulassy and also Baier, Dokshitzer, 

Mueller, Peign and Schiff (BDMPS) 

* We use recent resummation method by 

Arnold, Moore and Yaffe (AMY) - Full 
leading order result in high T QCD 

* Lesson: For asymptotically high energy 

partons 

AE O( d~ 
instead of AE O( E (Bethe-Heitler limit) 
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Unwarranted approximations? - I 

0 Approximating the whole passage by the 
average dE/dx is bad - The energy spectrum 

shifts as well as broadens 
c 

t = O  - 0.25 
.d 
k 0.15 I-- t = 3 / T  
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E/T at several times 

Vertical lines: Energy distribution shifted by 
various times. 
Curves: Actual energy distributions a t  various times. 
Energy in un i t  of temperature. 

dt  ( d E / d t )  a t  
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Experimental result from PHENIX (nucl-ex/0308006) 
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